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Each  year  large  numbers  of  people  from  low  altitude  regions 
travel  to  areas  of  high  terrestrial  altitude  for  recreational 
activities  including  hiking,  climbing,  skiing  and  general 
sightseeing.  Others  such  as  miners,  scientists  and  military 
personnel  go  to  high  altitude  to  work.  In  some  areas  of  the 
world  including  the  Tibetan  Plateau  and  the  Andean  Altiplano, 
these  high  altitude  sojourners  are  greeted  by  members  of  large 
indigenous  populations  which  have  been  residing  at  lofty 
elevations  for  generations.  All  these  people,  both  sojourners 
and  permanent  residents,  are  exposed  to  a  variety  of 
environmental  conditions  that  have  an  adverse  effect  of  their 
performance,  health  and  well  being. 

Many  of  the  environmental  factors  which  cause  medical 
problems  in  high  altitude  environments  are  not  necessarily  unique 
to  high  altitude,  and  most  of  them  can  be  found  in  other 
environments.  The  particular  combination  of  conditions  and  the 
nature  of  exposure  to  them  is  unique,  however,  and  results  in  a 
distinct  set  of  medical  problems.  The  majority  of  these  medical 
problems  are  in  some  way  influenced  by  the  progressively  lower 
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partial  pressure  of  oxygen  in  the  atmosphere  which  is  a 
ubiquitous  feature  of  all  high  altitude  regions. 

In  this  chapter  we  will  review  the  present  understanding  of 
high  altitude  medical  problems  along  with  their  treatment  and 
prevention.  The  bulk  of  the  chapter  will  concentrate  on  problems 


related  to  hypobaric  hypoxia,  for  most  of  those  problems  are 
unique  to  the  high  altitude  environment.  Many  of  the  other 
problems  are  well  discussed  in  other  chapters  of  this  book.  In 
our  description  of  hypoxia-related  problems  we  will  attempt  to 
point  out  which  information  is  based  on  the  results  of  directed 
investigation  and  which  is  anecdotal.  In  spite  of  an  increasing 
interest  in  high  altitude  medical  problems,  many  are  not  well 
researched,  and  what  is  known  of  them  relies  heavily  on  scanty 
clinical  reports,  a  fact  that  has  not  always  been  acknowledged  in 
previous  reviews. 


PROBLEMS  ASSOCIATED  WITH  ACUTE  HYPOXIA 

Hypoxia  at  high  altitude  is  a  direct  consequence  of 
decreased  barometric  pressure  of  the  atmosphere  which  causes 
a  decreased  partial  pressure  of  oxygen.  The  partial  pressure  of 
oxygen  in  mountain  areas  ranges  from  llOmmg  at  3000m  (100000  ft  ) 
to  50mmg  (1/3  of  sea  level)  at  the  summit  of  Mt.  Everest  (29,000 
feet)  (65).  Alveolar  oxygen  pressure  at  those  altitudes  ranges 
from  approximately  58mmhg  to  30mmhg  (36,65).  At  the  lower 
altitudes  the  decrease  in  barometric  pressure  and  PI02  results  in 
little  physiologic  compromise,  for  the  hemoglobin  saturation 
changes  little.  At  altitudes  equivalent  to  the  summit  of  Mt. 
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Everest,  the  hemoglobin  saturation  has  been  measured  as  low  as 
40  \  (62).  The  physiologic  consequences  of  this  profound  hypoxia 
gives  rise  to  many  medical  problems  (62). 


Acclimation  to  high  altitude  is  the  process  by  which  an 


individual  adapts  to  low  oxygen  (Chapter  13).  The  physiologic 
changes  which  constitute  acclimation  are  reversible  and  function 
primarily  to  increase  oxygen  availability  at  the  tissue  level. 
The  most  significant  changes  occur  in  the  cardiovascular  and 
pulmonary  systems,  but  there  may  be  adaptation  at  the  cellular 
level  as  well.  In  a  sense,  hypoxia-induced  medical  problems  at 
a'  ; ’ude  can  be  viewed  as  related  to  acclimation.  If  acclimation 
is  complete  and  the  body  successfully  compensates  for  the 
hypoxia,  no  medical  problems  develop.  Both  incomplete 
acclimation  and  overcompensation  result  in  characteristic 
physiologic  states  we  recognize  as  altitude  induced  pathology. 

Acute  Mountain  Sickness 

Acute  Mountain  Sickness  (AMS)  is  a  symptom  complex  occurring 
in  unacclimatized  individuals  who  ascend  rapidly  to  high 
altitude.  It  is  self  -limiting,  but  can  be  very  debilitating. 
Vith  appropriate  measures  it  is  preventable  (7,9,11,14,15,47,56). 

The  symptoms  of  AMS  include  severe  headache,  lassitude, 
irritability,  nausea,  vomiting,  anorexia,  indigestion,  flatus, 
constipation  and  sleep  disturbances  characterized  by  periodic 
breathing.  In  afflicted  individuals  35  %  may  have  localized 
rales  and  many  have  decreased  urine  output  despite  adequate 
hydration  (12,14,19,50).  Onset  of  symptoms  usually  begins  6-12 
hours  after  ascent  and  peak  in  intensity  in  24-48  hours, 
resolving  in  3-7  days  as  acclimatization  takes  place.  A  small 
number  of  individuals  may  have  symptoms  longer  (50). 

The  reported  incidence  of  AMS  varies  from  8-100\  of  exposed 
individuals  and  is  directly  dependent  on  both  the  rate  of  ascent 


and  the  final  altitude  reached  (10,50).  The  highest  incidence 
occurs  in  those  sea  level  residents  who  fly  into  high  mountain 
area  because  flying  is  the  fastest  means  of  ascent  and  allows  no 
acclimatization.  A  few  individuals  experience  symptoms  as  low  as 
2500m  (8000ft),  but  it  is  much  more  common  over  3000m  (100000ft). 
Although  there  is  some  individual  variation  in  susceptibility  to 
AMS,  virtually  every  one  will  experience  some  symptoms  of  AMS  if 
they  go  rapidly  over  4200m( 14000ft )  (50).  Acclimatization  at 

intermediate  altitude  decreases  the  incidence  of  AMS,  but  even 
well  acclimatized  individuals  seem  to  get  a  headache  upon 
reaching  5550m  (18000ft). 

The  pathophysiology  of  AMS  is  not  entirely 
clear  (10, 18, 20, 50, 61 ) .  Although  it  is  understood  that  hypoxia 
is  the  triggering  factor  in  AMS,  the  myriad  of  effects  of  hypoxia 
on  the  human  physiology  make  it  difficult  to  delineate  the  exact 
pathophysiology.  The  symptoms  and  associated  physiological 
changes  resemble  closely  subclinical  cerebral  edema.  It  is  known 
that  hypoxia  causes  a  marked  increase  in  cerebral  blood  flow, 
that  may  lead  to  increased  intracranial  pressure  (ICP).  People 
with  AMS  show  a  decreased  hypoxic  ventilatory  response 
(1,10,14,30,41,50,59).  This  may  further  increase  cerebral  blood 
flow  by  a  more  profound  hypoxia  and  a  relative  hypercarbia  when 
compared  to  controls.  Hypgxia  causes  pulmonary  hypertension 
which  can  lead  to  right  ventricular  overload  and  increased 
central  venous  pressure  that  may  increase  intracranial  pressure 
leading  to  some  cerebral  edema.  Hypoxia  may  cause  cytotoxic 
injury  to  brain  cells  and  the  blood  brain  barrier  leading  to 
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intracellular  and  extracellular  edema  causing  an  increase  in  ICP. 
Thus  there  are  several  possible  mechanisms  to  explain  the 
occurence  of  mild  cerebral  edema  in  AMS  (1,5,10,11,18,50,61). 
Research  is  being  conducted  in  this  area  to  define  this 
pathophysiology. 

Diagnosis  of  AMS  is  based  upon  the  presence  of  symptoms  in 
conjunction  with  a  rapid  ascent  to  altitudes  over  3000m  (10000ft). 
The  differential  diagnosis  includes  such  things  as 
dehydration,  hangover,  exhaustion,  hypothermia,  migraine,  and 
hysteria  (10,50)  It  is  important  to  rule  out  full  blown  High 
Altitude  Cerebral  Edema  and  High  Altitude  Pulmonary  Edema  (see 
below)  both  of  which  can  be  rapidly  fatal  if  left  untreated. 

Although  AMS  is  selflimiting  the  symptoms  are  debilitating 
enough  often  to  require  treatment.  Treatment  consists  of  descent, 
oxygen,  acetazolamide  and  in  limited  cases,  furosemide  (50). 
Descent  is  the  treatment  of  choice  and  should  continue  until 
symptomatic  improvement  occurs.  Often  a  descent  as  little  as 
300m  will  be  all  that  is  required  (50).  Oxygen  administration 
for  obvious  reasons  is  equally  effective  however  often 
impractical  in  mountain  environments.  Anecdotal  reports  of 
acetazolamide  250mg  every  six  hours  will  relieve  symptoms, 
although  it  is  more  effective  if  used  prophylactically 
(2,3,6,10,13,50).  Furosemide  may  be  useful  if  antidiuresis  is 
present,  however  care  must  be  taken  not  to  give  furosemide  to 
individuals  who  are  dehydrated  (a  common  condition  in  people  at 
altitude).  For  mild  cases  symptomatic  treatment  may  be  all  that 
is  required.  Analgesics  have  varying  success  in  treating 
cephalgia  of  AMS.  Any  respiratory  depressant  is  contraindicated. 
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Nausea  and  vomiting  may  be  abated  with  compazine  (10,50). 

Many  potential  prophylactic  measures  have  been  formally  or 
informally  investigated  for  AMS.  These  include  varying  the  rate 
of  ascent,  pharmacologic  agents,  dietary  manipulations  and  various 
folk  remedies.  The  ideal  agent  would  prevent  symptoms  caused  by 
a  rapid  ascent  while  allowing  the  body  to  acclimatize  so  that  the 
prophylactic  measure  could  be  discontinued. 

The  use  of  gradual  ascent,  called  staging  allows  the  body  to 
acclimatize  and  thus  prevent  AMS  symptoms  (13,21,50).  The  most 
widely  recommended  profile  is  to  take  one  day  of  rest  at  2500m 
(8000ft)  and  one  additional  day  at  rest  for  every  600m  (2000ft) 

gain  in  altitude  above  that  (13,50).  Because  the  exaggerated 
desaturation  and  hypoxia  occurring  during  sleep  appears  to 
contribute  to  symptoms,  it  is  advisable  to  sleep  as  low  as 
possible  (10,50,60,61).  This  is  reflected  in  the  moutaineers 's 
axiom,  "climb  high,  sleep  low". 

Pharmacologic  agents  are  useful  in  prophylaxis  of  AMS  in 
individuals  who  do  not  have  time  for  gradual  ascent.  Military 
personnel  often  fall  into  this  category.  Acetazolamide  250  mg 
every  six  hours  is  effective  in  preventing  or  reducing  AMS 
symptoms  in  many  people  at  altitude  (2,3,8,9,13,33,56). 
Currently  the  Army  recommends  that  acetazolamide  be  continued  for 
48  hours  after  initial  ascent  (50).  It  is  common  practice  in 
mountaineering  expeditions  to  continue  acetazolamide  throughout 
the  ascent  phase  which  may  last  many  weeks.  Acetazolamide  does 
not  prevent  symptoms  in  all  people  and  side  effects  such  as 
paraesthesias  are  common.  It  is  contraindicated  in  people  with 


A  number  of  other  prophylactic  agents  have  been  recommended 
but  none  are  in  widespread  use.  Dexamethasone  4  mg  every  six 
hours  has  been  shown  recently  to  be  effective  in  preventing  AMS 
symptoms  (29).  Spironolactone  has  also  been  used  experimentally 
with  varying  success  (50).  A  number  of  other  agents  including 
naproxen,  dilantin,  ergotamine  and  furosemide  have  been  shown  not 
to  be  effective.  The  chewing  of  cocoa  leaves  is  a  folk  remedy  of 
the  South  American  Indians,  but  can  not  be  recommended  for  many 
reasons.  Finally  there  is  some  evidence  that  a  diet  high  in 
carbohydrates  may  be  helpful  in  preventing  AMS  (22,50). 

High  Altitude  Cerebral  Edema 

High  Altitude  Cerebral  Edema  (HACE)  is  a  clinically  apparent 
cerebral  edema  seen  in  individuals  who  ascend  rapidly  to  high 
altitude.  Although  it  has  a  low  incidence  of  occurrence,  HACE  is 
potentially  fatal  if  left  untreated  (5,10,18,25,50,56). 

The  early  symptoms  of  HACE  resemble  those  of  AMS 

(5.10.18.50) .  In  fact  HACE  may  be  a  severe  form  of  AMS 

(5.25.50) .  Early  symptoms  include  severe  headache,  nausea, 
vomiting,  and  extreme  lassitude.  Truncal  ataxia,  and  change  of 
mental  status  help  differentiate  early  HACE  from  AMS  (5,9,18,50). 
Left  untreated  a  variety  of  focal  and  generalized  symptoms  will 

t 

manifest  including  visual  changes,  anesthesias  ,  paresthesias, 
rigidity,  hemiparesis,  clonus,  pathological  reflexes, 
hyperref lexia,  bladder  and  bowel  dysfunction,  hallucinations  and 
seizures  (5,10,15,18,25,50,56).  Other  clinical  manifestations  of 
Increased  intracranial  pressure  will  be  seen  if  one  has  the 
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appropriate  diagnostic  tools.  Left  untreated  HACE  will  progress 
to  obtundation,  coma  and  death. 

The  incidence  of  HACE  is  low,  occurring  in  about  1%  of 
individuals  exposed  to  altitude  (5,10,15,18,50,56).  Rapid  ascent 
and  lack  of  acclimatization  are  predisposing  factors.  It  has 
been  reported  as  low  as  2700m  (9000ft)  (18,50),  but  the  majority 
of  cases  occur  above  3600m( 12000ft ) .  High  altitude  pulmonary 
edema  (see  below)  often  occurs  with  HACE. 

Pathological  examination  of  brain  tissue  from  HACE  patients 
reveals  gross  cerebral  edema  (10,18,50).  The  mechanism  of  edema 
formation  may  be  cytotoxic  (due  to  hypoxia),  vasogenic  (due  to 
increased  cerebral  blood  flow  and  increased  blood  pressure),  or 
most  likely  a  combination  of  above  ( 5, 10, 11, 18, 25, 50 ) . 

The  diagnosis  of  HACE  is  based  upon  the  presence  of  symptoms 
in  conjunction  with  rapid  exposure  to  high  altitude  (10,18,50). 
Differential  diagnosis  includes,  cerebral  thrombosis  or 
hemorrhage,  infections,  migranous  encephalopathy,  and  severe 
cerebral  hypoxia  from  high  altitude  pulmonary  edema.  Because  it 
is  difficult  to  make  a  definitive  diagnosis  of  HACE  in 
mountainous  conditions  all  suspected  cases  should  be  evacuated  to 
lower  altitudes  without  delay  (10,18,50). 

The  definitive  treatment  of  HACE  is  to  descend.  In  general, 
the  greater  the  descent  the  better,  preferably  to  an  altitude  of 
less  than  2500m( 8000ft )  (18,50).  Descent  of  more  than  300m 
(1000ft)  may  be  required  to  cause  any  clinical  improvement. 
Supplemental  oxygen  can  be  a  useful  adjunct  but  should  not  be 
used  as  a  substitute  for  descent  (9,10,18,50).  Dexamethasone  4-6 


mg  q  4  hours  is  a  recognized  treatment  (10,18,50).  Furosemide 
and  mannitol  has  also  been  used  with  some  success  (50).  Their 
use  must  be  tempered  with  the  awareness  that  many  HACE  victims 
are  dehydrated  despite  the  presence  of  HACE. 

While  there  is  no  definitive  evidence  for  effective 
prophylactic  measures  for  HACE,  the  close  relation  between  HACE 
and  AMS  would  suggest  that  the  measures  previously  discussed  for 
the  prevention  of  AMS  may  also  be  effective  for  HACE 
(particularly  gradual  ascent)  (18,50). 

High  Altitude  Pulmonary  Edema 

High  Altitude  Pulmonary  Edema  (HAPE)  is  a  noncardiogenic 
pulmonary  edema  caused  by  altitude  exposure  in  unacclimitized  but 
otherwise  healthy  individuals  (10,24,26,38,50).  Young  active 
males  seem  particularly  susceptible  (10).  Like  HACE,  HAPE  can  be 
rapidly  fatal  if  left  untreated,  but  usually  responds  to  descent 
in  altitude. 

HAPE  usually  manifests  itself  12-96  hours  after  a  rapid 
ascent  to  high  altitude  (10,24,26,38,50).  The  onset  is  often 
subtle  manifested  by  fatigue,  dyspnea  on  exertion  and 
nonproductive  cough  (10,24,26,38,50).  Frequently  AMS  symptoms 
(nausea  and  headache)  are  also  present  (10,24,26,38,50).  Early 
signs  of  HAPE  include  tachypnea,  tachycardia  and  rales 
(10,24,50).  As  HAPE  progresses,  dyspnea  at  rest  and  orthopnea 
occur.  The  cough  often  becomes  productive  with  blood  tinged  and 
eventually  pink  frothy  sputum  (10,50).  Cyanosis  becomes 
apparent.  Mental  status  changes  may  occur  indicative  of  severe 
hypoxia  or  HACE  (10,18,50).  Chest  xray  in  the  HAPE  patient 


reveals  multiple  small  patchy  infiltrates  which  are  asymmetric 
and  enlarged  pulmonary  vasculature  with  a  normal  size  heart 
(Figure  1)  (10,24,26,50).  EKG  may  show  tachycardia,  right 
ventricular  overload,  right  axis  deviation,  T  wave  inversions  and 
other  nonspecific  ST-T  wave  changes  (26,50).  Without  a  previous 
EKG  for  comparison,  an  EKG  may  be  of  little  useful  information. 
If  left  untreated  HAPE  can  run  a  fulminant  course  progressing  to 
coma  and  death  in  less  than  12  hours  (10,50). 

HAPE  occurs  in  unacclimatized  individuals  who  ascend  rapidly 
to  high  altitude  (10,24,26,38,50).  The  incidence  is  higher  than 
that  of  HACE  and  appears  to  vary  with  age  and  activity.  Children 
and  young  adults  have  a  much  higher  incidence  than  older 
individuals  (50).  Exercise  at  altitude,  by  further  increasing  an 
already  increased  pulmonary  artery  pressure  may  increase 
susceptibility  to  HAPE  or  more  likely  exacerbate  the  condition 
(24,50,61).  HAPE  is  also  more  likely  to  occur  in  individuals  who 
have  previously  experienced  HAPE  (50).  Subclinical  HAPE 
evidenced  by  rales,  may  occur  much  more  frequently  than 
previously  thought  (12,50,56).  Reports  have  described  rales  in 
one  third  to  one  half  of  persons  at  altitude  higher  than 
3500m( 11500ft)  (10,24,38,61). 

The  pathophysiology  of  HAPE  has  recently  become  better 
understood.  Recent  findings  in  HAPE  include  high  pulmonary 
artery  pressure  (compared  to  assymptomatic  controls  at  altitude), 
normal  left  atrial  filling  pressure  (4,10,48,50,51),  normal 
cardiac  function,  blunted  chemosensitivity  and  hypoxic 
ventilatory  depression  (17,28)  and  high  protein  pulmonary  lavage 


samples  vith  predominance  of  macrophages  and  complement 
activators  (52).  These  findings  suggest  a  high  pressure  high 
permeability  edema  similar  to  neurogenic  pulmonary  edema  (50). 
Other  evidence  indicates  that  HAPE  may  be  a  pure  pressure  edema 
due  to  redistributed  blood  flow  away  from  microembol ized  vessels 
caused  by  hypoxia  induced  coagulopathy. 

The  diagnosis  of  HAPE  is  based  upon  the  signs  and  symptoms 
of  pulmonary  edema  in  otherwise  healthy  individuals  exposed  to 
high  altitude.  The  differential  diagnosis  includes  pneumonia, 
congestive  heart  failure,  pulmonary  embolus  and  in  the  military 
setting,  exposure  to  chemical  warfare  agents. 

Treatment  of  HAPE  depends  on  its  severity,  but  virtually  all 
cases  will  respond  to  descent  (10,50).  In  severe  cases  descent 
is  mandatory  (10,50).  Because  exercise  and  hypoxia  increases 
pulmonary  artery  pressure,  descent  should  be  via  litter  using 
supplemental  oxygen  if  possible  (50).  Mild  cases  may  be  treated 
in  place  with  bed  rest  and  oxygen,  but  descent  is  mandatory  for 
all  but  mild  cases  (10,24,38,50).  Pharmacologic  agents  which 
have  been  useful  in  treating  severe  HAPE  include  furosemide  and 
morphine  sulphate  (10,50).  While  morphine  can  depress 
respiration,  its  cautious  use  is  justified  similarly  to  its  use 
in  cardiogenic  pulmonary  edema  (50).  While  using  either  of  these 
agents  it  must  be  remembered  that  despite  HAPE  or  HACE  the  person 
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may  be  volume  depleted  and  the  addition  of  a  diuretic  and 
vasodilator  may  aggravate  the  presence  of  volume  depletion 
(10,50).  Aminophyll ine,  ispoprterenol  and  digoxin  are  not  useful 
(10,50).  Dexamethasone  is  not  useful  unless  HACE  accompanies 


HAPE  (10,50). 


Prophylactic  measures  for  HAPE  involve  avoiding  the  risk 
factors  for  all  altitude  illnesses,  a  gradual  ascent  to  allow  for 


acclimatization,  limited  physical  activity  until  acclimatization 
occurs,  and  because  arterial  desaturation  is  greatest  during 
sleep,  sleep  at  as  low  an  altitude  as  possible.  Avoiding  cold 
exposure  is  also  helpful  (4,10,50).  Acetazolamide  may  also  be 
useful  in  preventing  HAPE  especially  in  persons  with  a  prior 
history  of  HAPE  ( 10, 14, 50 ) . 


High  Altitude  Retinal  Hemorrhages  (HARH) 

High  Altitude  Retinal  Hemorrhages  (HARK)  are  the  result  of 
an  altitude  induced  retinopathy.  Although  common,  they  are  self 
limited  and  are  of  little  consequence  unless  they  occur  in  the 
macula  (6,10,37,58).  Most  likely  they  have  a  similar 
pathophysiologic  mechanism  as  AMS  and  HACE  (6,10,37,58). 

HARH  are  normally  asymptomatic  unless  they  occur  in  the 
macula.  Macular  hemorrhage  will  result  in  blurred  vision  and 
scotomata  (10).  Fundoscopic  exam  will  reveal  disc  hyperemia  and 
engorgement  and  increased  tortousity  of  vessels  in  virtually  all 
personnel  exposed  to  high  altitude  without  supplemental  oxygen, 
Typically  retinal  hemorrhages  appear  as  flame  type  hemorrhages  in 
the  superficial  layers  of  the  retina,  but  hemorrhages  in  the 
deeper  layers  are  possible.  Multiple  hemorrhages  are  common 
(Figure  2a,  2b,  3a,  3b). 

The  incidence  of  HARH  varies  directly  with  altitude.  They 
are  unknown  below  3000m( 100000  ft),  but  the  incidence  approaches 
100%  above  6800m( 22000ft )  (6,10,37,50,58).  Strenuous  exercise 
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may  increase  the  risk  of  retinal  hemorrhage  by  increased  systolic 
blood  pressure  as  well  as  a  forced  valsalva  maneuver  during  a 
technical  climb  or  while  defacating.  Unlike  other  altitude 
illnesses  HARH  are  not  related  to  the  state  of  altitude 
acclimatization,  and  multiple  occurrences  are  possible  throughout 
any  sojourn. 

The  exact  mechanism  of  HARH  is  unknown.  Most  feel  it 
results  from  pressure  surges  caused  by  exercise  or  other  activity 
in  retinal  vessels  which  are  maximally  dilated  due  to  hypoxia 
induced  increases  in  cerebral  blood  flow  (6,10,37,50,58). 

HARH  usually  go  unrecognized,  but  may  be  easily  diagnosed  by 
fundoscopic  exam.  The  differential  diagnosis  includes  hemorrhage 
from  vascular  disease,  diabetes  mellitis,  septic  infarcts  and 
organic  hypoxia  from  cardiac  and  respiratory  disease. 

HARH  are  self  limited  and  resolve  one  to  two  weeks  after 
descent.  There  is  no  treatment  other  than  descent  and  there  is  no 
prophylaxis.  Because  non-macular  hemorrhages  are  of  little 
consequence,  descent  is  not  necessary.  When  a  macular  hemorrhage 
is  diagnosed,  descent  is  imperative  in  order  to  promote  healing, 
prevent  further  hemorrhages  and  prevent  visual  deficits 
(6,37,58) . 

Generalized  Peripheral  Edema 

Generalized  edema  occurs  in  some  individuals  when  initially 
exposed  to  high  altitude  and  with  repeated  exposure  to  high 
altitude.  It  is  characterized  by  a  pronounced  edema  of  the  face 
and  upper  extremities,  decreased  urine  output  and  weight  gain 
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(50).  Although  uncomfortable  it  is  a  benign  condition.  The  edema 
resolves  with  descent  but  will  reoccur  with  subsequent  ascent.  It 
is  more  common  in  females  but  is  not  related  to  menses  or  birth 
control  pills  (50).  Furthermore  it  does  not  appear  to  have  any 
relation  with  HACE  or  HAPE.  The  diagnosis  is  based  on  history  and 
physical  findings.  The  differential  diagnosis  includes 
cardiogenic  edema  and  allergic  reactions.  Edema  can  be  treated 
successfully  with  diuretics  and  salt  restriction  (50). 
Prophylaxis  with  the  same  regime  is  usually  successful  in 
preventing  edema  in  susceptible  individuals  who  must  travel  to 
high  altitude. 

Disorders  Of  Coagulation 

People  who  ascend  to  high  altitude  appear  to  be  at  increased 
risk  for  venous  thrombosis,  pulmonary  embolus  and  stroke 
(10,35,44,50,55).  The  possible  causes  for  these  phenomena 
include  hypoxia  induced  clotting  abnormalities,  polycythemia, 
dehydration,  cold  and  venous  stasis  during  prolonged  periods  of 
inactivity  during  inclement  weather  (10).  Clotting  abnormalities 
observed  include  thrombocytopenia,  decreased  fibrinogen, 
decreased  factor  VIII  and  increased  2,3  DPG  and  FDP 
(10,35,44,50,55).  What  is  puzzling  is  that  people  have  been 
observed  with  abnormal  clotting  parameters  with  no  clinical 
manifestations  and  also  with  clinical  manifestations  from  a 
coagulation  disorder  with  normal  laboratory  clotting  parameters 
(50).  There  are  no  general  trends  in  the  clotting  parameters 
upon  ascent  to  high  altitude,  however  there  are  numerous  case 


reports  o£  markedly  abnormal  clotting  parameters  in  some 

individuals.  More  studies  are  needed  to  delineate  this  problem. 

PROBLEMS  ASSOCIATED  WITH  CHRONIC  HYPOXIA 

Reentry  Pulmonary  Edema 

Reentry  Pulmonary  Edema  is  HAPE  that  occurs  in  high  altitude 
natives  upon  returning  to  high  altitude  after  traveling  to  low 
altitude  areas.  The  occurence  of  Reentry  Pulmonary  Edema  may  be 
related  to  the  rate  of  ascent  upon  return  to  high  altitude.  Case 
reports  are  more  frequent  in  high  altitude  areas  where  rapid 

ascent  is  possible  and  absent  from  areas  where  rapid  ascent  is 
not  possible  (10,27,53).  It  has  been  postulated  that  this 
occurs  due  to  increased  smooth  muscle  component  of  the 

chronically  hypoxic  pulmonary  arteries  that  when  rexposed  to 
hypoxia  develop  abnormally  high  pulmonary  artery  pressure 
(10,27,50,53) . 

Chronic  Mountain  Sickness 

Chronic  Mountain  Sickness  (CMS)  is  an  ailment  of  people  who 
reside  at  high  altitude  for  a  prolonged  period  of  time.  It  is 
characterized  by  an  erythrocythemia  in  high  altitude  residents 
(hemoglobin  >  20gm/dl)  (10,31,39,40,50,66).  It  occurs  most 

i 

commonly  in  people  born  at  low  altitude  who  move  to  high 

altitude,  but  also  occurs  in  people  who  have  always  resided  at 
high  altitude.  It  was  first  described  by  Monge  in  1928  when 
studying  inhabitants  of  the  Andes,  and  is  often  referred  to  as 
Monge' s  disease  (40).  Incidence  of  the  disease  is  low  in  women 


and  some  populations  living  at  high  altitude  have  marked 
differences  in  incidence  (10,42,50). 

Symptoms  are  those  of  primary  polycythemia:  lethargy, 

dizziness,  headache,  sleep  disturbances  and  mental  status 
changes.  Diagnosis  is  made  by  the  presence  of  symptoms  in  high 
altitude  residents  with  marked  polycythemia  (10). 

Studies  of  CMS  patients  have  shown  excessive  hypoxia  for  a 
given  altitude  when  compared  to  other  residents,  blunted  hypoxic 
ventilatory  response,  hypoventilation,  widened  A-a  gradient  and 
severe  oxygen  desaturation  during  sleep 

(10,16,31,32,39,46,50,64) . 

The  surest  form  of  treatment  is  relocation  to  lower 
altitude.  When  not  practical,  phlebotomy  may  provide  subjective 
improvement.  Low  flow  oxygen  during  sleep  may  also  provide  some 
improvement.  Medroxyprogesterone  acetate  and  acetazolamide  have 
been  shown  to  be  successful,  presumably  due  to  the  respiratory 
stimulant  effect  of  these  drugs  (10,31,39,50). 

PRE-EXISTING  MEDICAL  PROBLEMS  AGGRAVATED  BY  HIGH  ALTITUDE 

There  is  little  data  available  about  the  effect  of  altitude 
on  pre-existing  medical  problems.  Much  of  the  following 
discussion  is  based  on  speculation.  Pre-existing  medical 
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problems  are  however  of  great  concern  to  many  who  journey  to 
altitude. 

Pulmonary  Disease 

The  results  of  pulmonary  disease  at  sea  level  may  be 


pulmonary  hypertension,  V/Q  mismatch,  impaired  diffusion 
capacity,  and  decreased  ventilatory  muscle  capacity.  These 
impairments  may  cause  illness  at  even  modest  altitudes. 

People  with  pulmonary  hypertension  at  sea  level  will 
experience  further  increases  pulmonary  artery  pressure  at 
altitude  from  hypoxia,  and  thus  worsening  there  condition  and 
perhaps  making  them  more  susceptible  to  other  altitude  illnesses. 

It  seems  obvious  that  persons  who  are  hypoxic  from  COPD  at 
sea  level  will  have  greater  hypoxia  and  may  be  more  symptomatic 
at  high  altitude  than  at  sea  level.  These  patients  may  want  to 
avoid  going  to  altitude.  Further,  people  with  COPD  who  are 
compensated  or  assymptomat ic  at  sea  level  may  experience  symptoms 
upon  ascending  to  altitude  (50).  An  individual  with  COPD  and 
modest  sea  level  hypoxia,  may  experience  a  substantial  decrease 
in  oxygen  saturation  at  a  modest  altitude  due  to  hemoglobin 
oxygen  affinity  at  lower  plasma  oxygen  partial  pressures  (10,50). 
Also  individuals  with  COPD  may  not  be  able  to  increase  minute 
ventilation  in  response  to  the  hypoxia  of  altitude  the  way  a 
healthy  individual  would,  thus  causing  them  more  profound 
hypoxia.  In  patients  with  COPD  who  might  be  able  to  increase 
ventilation  upon  ascending  to  altitude,  and  who  have  decreased 
respiratory  muscle  reserve  might  conceivably  develop  respiratory 
muscle  fatigue  and  failure.  Thus  it  would  seem  prudent  that  in 
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people  with  COPD  with  sea  level  hypoxia  or  carbon  dioxide 
retention  that  sojourns  to  high  altitude  be  done  with  great  care 
and  possible  supplemental  oxygen.  As  stated  previously  much  of 
the  above  is  speculation  and  based  on  anecdotal  reports. 

It  would  seem  likely  that  patients  with  obstructive  sleep- 


apnea  at  sea  level,  would  be  more  symptomatic  at  altitude. 
Hypoxia  during  obstructive  apneic  periods  would  likely  be  more 
profound  than  at  sea  level.  It  is  difficult  to  predict  in 
central  sleep-apnea  the  effect  of  sleeping  at  high  altitude  due 
to  the  changes  in  arterial  pH,  cerebral  spinal  fluid  pH  and 
chemoreceptor  sensitivities  that  may  take  place  at  altitude. 

Studies  from  Colorado  has  show  lung  disease  to  be  more  common 
at  high  altitude  (42,43),  and  that  elderly  people  with  lung 
disease  at  altitude  improve  upon  relocating  to  lower  altitude 
(49)  . 

Coronary  Artery  Disease 

The  question  often  arises  as  to  the  effect  of  going  to 
altitude  in  patients  with  Coronary  Artery  Disease  (CAD).  It  has 
been  shown  in  healthy  individuals  performing  maximal  exercise  at 
29000  ft  in  an  altitude  chamber  (after  a  six  week  gradual 
ascent),  that  there  was  no  evidence  of  ischemia  by  EKG  (51). 
Further  during  near  maximal  exercise  there  was  no  evidence  of 
ischemia  by  echocardiogram  (57)  and  cardiac  output  was  maintained 
(when  compared  to  sea  level  values)  (48).  It  appears  in  the 
healthy  heart  there  is  not  an  increased  risk  of  ischemia  under 
severe  hypoxia  at  altitude.  One  report  of  patients  with  CAD 
studied  11  patients  with  CAD  at  altitudes  up  to  3170m  (45).  In 
this  study  all  patients  who  had  normal  exercise  EKG's  at  sea 
level  also  did  at  3170m.  Only  patients  symptomatic  at  sea  level 
were  also  symptomatic  at  altitude.  Further  studies  need  to  be 
done.  It  is  also  worth  considering  patients  with  CAD  who  have  a 
degree  of  coronary  artery  spasm.  it  is  known  that  hypoxia  can 


induce  spasm  in  these  patients.  Therefore  they  may  be  at  risk  for 
coronary  artery  spasm  upon  ascent  to  altitude.  At  the  present 
time  it  is  unclear  as  to  the  risk  of  patients  with  CAD  who  ascend 
to  high  altitude. 

Congestive  Heart  Failure 

Heart  failure  both  right  sided  and  left  would  be  expected  to 
decompensate  at  altitude  due  to  fluid  retention,  hypoxia  and  its 
effect  on  the  pulmonary  vasculature.  Hackett  has  observed 
repeatedly  older  people  with  CHF  who  are  brought  to  2000m, 
decompensate  (10).  Thus  it  would  seem  prudent  for  patients  with 
CHF  to  avoid  going  to  altitude. 

PROBLEMS  NOT  ASSOCIATED  WITH  HYPOXIA 

Cold  Injuries 

Cold  injuries  in  high  altitude  environments  are  caused  by  a 
combination  of  environmental  and  physiological  factors.  In 
general  the  temperature  decreases  two  degrees  C  for  every  300m 
elevation  (50).  In  addition  the  climate  of  mountains  causes  a 
high  windchill  factor  and  much  lower  effective  temperatures.  The 
low  temperatures  combined  with  peripheral  vasoconstriction, 
dehydration  and  hemoconcentraion  at  high  altitude  causes  the  full 
spectrum  of  cold  injury  including,  hypothermia,  frost  nip,  frost 
bite  and  immersion  foot  (50).  The  diagnosis  and  treatment  of 
cold  injury  is  discussed  in  chapter  11.  Prevention  of  cold 


injury  is  based  upon  keeping  personnel  adequately  hydrated, 
nourished  and  protected  from  cold  exposure. 

Dehydration 

Dehydration  at  high  altitudes  results  from  the  combination 
of  low  environmental  humidity  with  a  number  of  physiological  and 
behavioral  factors.  There  is  an  increased  loss  of  fluids  at 
altitude  due  to  hypoxia  induced  fluid  shifts,  diuresis  and 
hyperventilation  (50).  At  the  same  time,  personnel  often  have  a 
decreased  fluid  intake  due  to  blunted  thirst  sensation  from  cold, 
hypoxia,  nausea  from  AMS  and  the  lack  of  potable  water. 
Dehydration  is  a  serious  problem  in  and  of  itself  but  also 
greatly  increases  susceptibility  to  cold  injury.  Dehydration  can 
be  prevented  by  a  conscious  effort  to  imbibe  fluids  in  the 
absence  of  thirst  (50). 

Solar  Radiation  Injuries 

Ultra-violet  (UV)  radiation  injury  at  high  altitude  is  the 
result  of  decreased  UV  wave  filtering  capacity  of  the  thinner 
atmosphere  and  increased  reflection  of  light  from  snow  and  rock 
surfaces.  Injuries  include  sunburn  and  snowblindness .  Sunburn 
can  occur  rapidly  and  can  be  severe.  Treatment  is  the  same  as  at 
low  altitude  and  can  be  prevented  with  limiting  skin  exposure 
with  clothes  and  sunscreens.  Snow  blindness  (photophthalmia)  can 
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develop  within  12  hours  of  sun  exposure  (50).  It  results  from  UV 
absorption  by  the  eye.  Although  selflimiting  It  can  be  extremely 
painful  and  debilitating.  Opthalmic  steroid  preparations  may 
provide  symptomatic  relief  (50).  Proper  eye  protection  will 
prevent  its  occurrence  (50). 


Nutrition 


Like  dehydration  several  physiological  and  behavioral 
factors  contribute  to  poor  nutrition  at  high  altitude.  Weight 
loss  occurs  due  to  decreased  caloric  intake  secondary  to  AMS, 
and  lack  of  energy  to  prepare  and  consume  food.  Evidence  also 
exists  for  fat  malabsorbt ion  at  high  altitude  presumably  due  to 
hypoxia.  Anecdotal  and  recent  investigations  suggest  diets  high 
in  carbohydrates  may  be  helpful  due  to  ease  of  digestion  and 
increased  ventilation  (50). 

CONCLUSIONS 

Exposure  to  high  terrestrial  altitude  is  associated  with  a 
distinct  set  of  medical  problems  caused  by  a  unique  combination 
of  environmental  stressors  including  hypobaric  hypoxia,  cold,  low 
humidity,  increased  solar  radiation  and  rugged  terrain.  Many  of 
the  problems  related  to  prolonged  hypoxic  exposure  are  unique  to 
high  altitude  and  can  be  viewed  as  resulting  from  inappropriate 
acclimation  to  the  hypoxic  stress.  Little  is  known  of  the 
precise  pathophysiologic  mechanisms  involved,  but  some  guidelines 
for  treatment  and  prevention  exist  none-the-less .  The  most 
effective  treatments  seem  to  involve  decreasing  the  level  of 
hypoxemia  by  descending  to  lower  altitudes.  Much  research  needs 
to  be  done  in  this  area.  The  medical  problems  which  are  not 
primarily  related  to  hypoxia  are  better  understood  in  terms  of 
their  pathophysiology  and  are  treated  as  they  would  be  in  any 


other  environment. 
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Figure  1.  High  Altitude  Pulmonary  Edema  (HAPE).  (Courtesy  of 
Charles  S.  Houston,  M.D.) 

Figure  2.  High  Altitude  Retinal  Hemorrhages  (HARH) 

A.  Photo  taken  immediately  upon  return  to  sea  level  after  a 
six  week  gradual  ascent  to  25000  ft.  in  an  altitude  chamber. 

B.  Same  subject  10  days  later. 

Figure  3.  High  Altitude  Retinal  Hemorrhages  (HARH)  (Courtesy  of 
Charles  S.  Houston,  M.D.) 

A.  HARH  after  several  days  at  18500  ft. 

B.  Same  subject  two  weeks  later. 


